Fine structure in spectral lines has been reported from time to time for a few lines in each of several elements. In the majority of cases this complexity has been observed in the case of lines arising from the neutral atom, though a few lines, identified as belonging to the spectra of singly ionized helium, aluminum and lanthanum, have also been found to consist of two or more components. So far as we are aware no line definitely identified as belonging to the spectra of an element in a stage of ionization higher than the first has been reported as having more than a single component. This can hardly be taken to mean necessarily that lines radiated by atoms in the higher states of ionization are, on the whole, simpler than those in the arc and first spark spectra. The spectra of highly ionized atoms are comparatively difficult to produce and many of the stronger lines are found in regions of the spectrum where high dispersion apparatus cannot be so readily utilized. All but the more recent observations of complex structure are mentioned and discussed in reports by Ruark1 and Chenault,2 and by Meggers and Burns.3 Bach and Goudsmit4 used very high precision apparatus in studying the Zeeman effect upon certain hyper-fine lines of bismuth. McNair5 has studied the Zeeman patterns of the hyper-fine lines in the 2537 line of mercury. Schuler' has observed close components in certain lines of lithium and in the D lines of sodium. King7 in making a careful study and classification of lines in the spectra of praseodymium has pointed out the complex structure of many of these lines, the vast majority of which are believed to belong to the first spark spectrum. Very recently King8 has reported the existence of hyper-fine structure in lines from several other rare-earth elements. 
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In most cases of hyper-fine structure the number of components found is not the same for the various complex lines of any one element. In King's7 list of praseodymium lines the components for complex lines range in number from two to six with many in doubt because of the lack of sufficient dispersion to separate the components distinctly. His observations were taken chiefly from plates made in the second order spectrum of a 15-foot grating having about 15,000 lines to the inch. Last summer photographs of the emission lines from a carbon arc cored with praseodymium oxalate, most of the strong lines of which according to King's classification are those from singly ionized atoms, were made by one of us over the region 3900 to 5000 Angstroms, using the fourth-order spectrum of the 75-foot solar spectrograph on Mt. Wilson, the grating of which has about 15,000 lines to the inch. A dispersion of about 1. It has been suggested by other investigators that the splitting up of ordinary energy levels into fine structure sub-levels might be attributed to the nucleus of an atom having a resultant angular momentum and hence a magnetic moment. This assignment of a magnetic moment to the nucleus rather than to electrons in the external shell of the atom is due to the fact that the separations between sub-levels is extremely small as compared with the splitting up due to various couplings between external electrons.
Bach and Goudsmit4 were in one case able to assign an angular momentum of 9/2-h/2w to the nucleus of bismuth. In order to account for the fine structure in Pr II, as shown in the figure, an angular momentum of 5/2-h/27r should be assigned to the once-ionized atom of praseodymium. This angular momentum space-quantized with the resultant angular momentum of the external electrons would cause each multiple energy level to be broken up into six components. Under such conditions an electron transition may, apparently, take place in at least six different ways, where as before it could take place in only one way. The assignment of quantum numbers to each of the six sub-levels of the initial state and also the six sub-levels of the final state should under the ordinary selection principles yield as many as fifteen or sixteen radiated lines. Normally we should expect six of these lines to be intense lines with the remaining nine or ten lines somewhat weaker. If the sub-levels of both the initial and final states follow the "Lande Interval Rule," as we would expect, then the six strong lines should reveal intensities and relative separations exactly as shown in the photographs. Since the other nine or ten lines, as the case may be, have not yet been observed, we may say that they are either very weak or that they do not occur. VOL. 15, 1929 The latter is in contradiction with the results found in lanthanum and in bismuth.
In The apparatus described in the following was to serve the purpose of studying the influence on the orientation of the gradient of temperature along a single crystal during its growth, and the effect of strong magnetic fields applied at the exact point of transition of the two phases of the metal. It was found that the particular method of growing crystals of great length, developed for this investigation, was superior to any others known to the authors. It became evident that the influence of a magnetic field applied to a zone of crystallization is of such complexity that it seemed to be better to describe these effects in a separate paper, especially since the method has practically nothing to do with the special purpose, and therefore, may be of more general interest.
